Background: Long-term patency is required during treatment for benign airway stenosis. This study investigated the effectiveness of surgical airway plasty for benign airway stenosis. Methods: Clinical courses of 20 patients, who were treated with surgical plasty for their benign airway stenosis, were retrospectively investigated. Results: Causes of stenosis were tracheobronchial tuberculosis in 12 patients, post-intubation stenosis in five patients, malacia in two patients, and others in one patient. 28 interventional pulmonology procedures and 20 surgical plasty were performed. Five patients with postintubation stenosis and four patients with tuberculous stenosis were treated with tracheoplasty. Eight patients with tuberculous stenosis were treated with bronchoplasty, and two patients with malacia were treated with stabilization of the membranous portion. Anastomotic stenosis was observed in four patients, and one to four additional treatments were required. Performance status, Hugh-Jones classification, and ventilatory functions were improved after surgical plasty. Outcomes were fair in patients with tuberculous stenosis and malacia. However, efficacy of surgical plasty for post-intubation stenosis was not observed. Conclusion: Surgical airway plasty may be an acceptable treatment for tuberculous stenosis. Patients with malacia recover well after surgical plasty. There may be untreated patients with malacia who have the potential to benefit from surgical plasty.
Introduction
The main causes of benign airway stenosis are postintubation airway stenosis, tuberculous airway stenosis, and tracheobronchial malacia. When symptoms of airway stenosis are severe, patients are approved for treatment. However, there are no clear criteria for selecting treatment of benign airway stenosis. Long-term patency is required during treatment for benign airway stenosis in contrast to malignant airway stenosis. Interventional pulmonology procedures for the treatment of airway stenosis, such as airway stenting and balloon bronchoplasty, are safe and offer immediate symptomatic relief. However, repeated procedures are usually required. [1] [2] [3] This study retrospectively reviewed patients who underwent treatment of benign airway stenosis to investigate the effectiveness of surgical tracheobronchial plasty.
Materials and Methods
The local institutional ethics committee approved this study, and informed consent was obtained from all the patients. Forty-four patients with benign airway stenosis were treated with some type of invasive treatment at our institute from January 1996 to December 2013. Treatments were performed in patients with patent peripheral airways who did not have irreversible peripheral lung disease. Treatment strategies involved surgical airway plasty and interventional pulmonology procedures, such as cauterization, balloon dilation, or airway stent placement. The treatments were selected based on the patient's general condition, and the site and length of the stenosis. In these patients, 20 patients were treated with surgical airway plasty. We retrospectively analyzed the clinical courses of these 20 patients. Each patient's performance status, Hugh-Jones classification, and respiratory function test findings were recorded preoperatively and postoperatively. The preoperative and postoperative findings were compared using the unpaired t-test. A p value of <0.05 was considered statistically significant. Table 1 shows the characteristics of the 20 patients who were included in this study. Patients with varying degrees of general and respiratory condition were included in this study. Underlying diseases of patients with post-intubation stenosis were respiratory failure after cardiovascular surgery, traumatic brain injury, viral encephalitis, respiratory failure associated with drug addiction, and unspecified cause in each patient. Treatment procedures and outcomes are shown in Table 2 . A total of 48 treatments were performed for the 20 patients. Multiple courses of therapy were performed for each patient. None of the patients underwent repeated surgical airway plasty. Tracheo-or bronchoplasty with end-to-end anastomosis was performed for localized cicatricial stenosis. Five patients with post-intubation stenosis and four patients with tuberculous airway stenosis were treated with tracheoplasty. Pulmonary resection was performed when a lobe was destroyed. Bronchoplasty and sleeve lobectomy were performed for tuberculous airway stenosis. Stabilization of the membranous portion using polypropylene mesh 4) was performed for tracheobronchial malacia. A total of 22 interventional pulmonology procedures were performed before surgical airway plasty for 10 patients. The reasons for performing interventional pulmonology procedures were current tuberculosis treatment in three patients, temporary dilatation for treatment of peripheral pneumonia in one patient, and avoidance of invasiveness in six patients. In these patients, the reasons why we finally chose surgical airway plasty were finishing tuberculous treatment in one patient, recovery from pneumonia in one patient, proliferation of granulation tissue in six patients, stent migration in one patient, and tracheo-brachiocephalic artery fistula in one patient. There were no treatment-related deaths after surgical airway plasty. Most of the patients were discharged home. After surgical airway plasty, three patients with post-intubation stenosis and one patient with tracheobronchial malacia changed hospital to continue physical therapy. Anastomotic stenosis was observed in four patients. Stenosis after tracheoplasty for post-intubation stenosis was observed in two patients. The anastomotic stenosis site was dilated using a rigid bronchoscope, and silicon airway stent or T-tube placement was performed for each patient. Stenosis after bronchoplasty for bronchial tuberculous airway stenosis was observed in two patients. After dilation, expandable metallic stents were placed using a rigid bronchoscope in these two patients. A total of six interventional pulmonology procedures were performed for the four patients with anastomotic stenosis one to four times after surgical airway plasty. The other patients did not require additional treatments. The performance status and Hugh-Jones classification significantly improved after surgical airway plasty (p <0.01 for both, Fig. 1 ). Eleven patients underwent preoperative and postoperative respiratory function testing, including two patients who underwent pulmonary resection and nine who did not undergo pulmonary resection. The forced expiratory volume in 1 s as a percentage of forced vital capacity (p = 0.03) and the percentage of forced expiratory volume in 1 s (p = 0.01) significantly improved after surgical airway plasty. The percentage of vital capacity and percentage of forced expiratory volume did not significantly improve after treatment (Fig. 2 ).
Results

Discussion
In this study, surgical airway plasty for benign airway stenosis was performed in 20 patients. General and respiratory conditions were significantly improved after surgical airway plasty. Because treatment-related death was not observed and additional treatments were required in four patients, surgical airway plasty may be an acceptable treatment of benign airway stenosis.
Most patients with post-intubation stenosis had underlying disease, and only five of 20 patients with postintubation stenosis were treated with surgical airway plasty during the study period in our institute. Underlying diseases, as well as airway stenosis, may lead to a poor general condition in most cases. Therefore, surgical airway plasty, which is an invasive treatment, is likely to be avoided. Surgical airway plasty is strongly recommended for post-intubation stenosis. 5) Long-term therapeutic efficacy of interventional pulmonology procedures, such as placement of a Montgomery T-tube, 6) silicon tracheal stents, 7) and expandable metallic stents, 1) have also been reported. Rea et al. 8) reported that although surgical reconstruction is the best option for post-intubation stenosis, it has a high risk for patients, and a permanent T-tube might be the best solution. In five patients who were treated with surgical airway plasty, two patients returned home, and three patients returned to the initial hospital. Despite an improvement of respiratory condition, an underlying disease prevented discharge to home in two patients. In other patient, a poor respiratory condition after surgical airway plasty prevented discharge to home. Two of five patients suffered from anastomotic stenosis and required additional treatments. Short-term outcomes of surgical airway plasty for post-intubation stenosis are not favorable in this study. Because the median follow-up period after surgical airway plasty was as short as 3 months, long-term outcomes were not investigated thoroughly. This study did not indicate that surgical airway plasty might be recommended for patients with post-intubation airway stenosis. Further accumulation of data and continuous investigation of outcomes are needed to determine the optimal treatment for patients with post-intubation airway stenosis. Repeated procedures are usually required after interventional pulmonology procedures for the treatment of tuberculous airway stenosis. 2, 3) Consequently, surgical airway plasty is commonly recommended for the treatment of tuberculous airway stenosis. [9] [10] [11] Eighteen patients with tuberculous airway stenosis were evaluated in this study. Six patients with tuberculous airway stenosis were treated with airway stenting alone during the study period. In patients with tuberculous airway stenosis, the respiratory status might have directly affected the patients' general condition because they did not have critical underlying diseases. Additionally, patients with tuberculous airway stenosis were young, with a median age of 44 years old. These are the reasons why surgical airway stenosis was aggressively selected for patients with tuberculous airway stenosis. Anastomotic stenosis was observed in two patients. The other patients did not require additional treatment after surgical reconstruction. Because therapeutic efficacy was fair, surgical airway plasty might be a definitive treatment for tuberculous airway stenosis.
Surgical airway plasty with end-to-end anastomosis is not recommended for treating malacia because areas of malacia do not have well-defined borders. Wright et al. 4) reported that posterior tracheobronchial splinting with polypropylene mesh retains the cartilage in a normal configuration and supports the redundant membranous walls in patients with malacia. In this study, two patients were treated with posterior tracheobronchial splinting using polypropylene mesh. One patient was discharged to home, and another patient could be weaned from ventilatory support. Tracheobronchial malacia is observed in patients with common respiratory conditions, such as chronic bronchitis and emphysema. 12, 13) Beneficial therapeutic efficacy of surgical stabilization for tracheobronchial malacia in patients with severe chronic obstructive pulmonary disease has been reported. 14, 15) A certain amount of patients with untreated tracheobronchial malacia may benefit from surgical stabilization. However, there are no detailed criteria of surgical stabilization for tracheobronchial malacia. This study contained a small number of patients who had been treated with surgical stabilization and are currently doing well. Further accumulation of data is necessary to investigate therapeutic efficacy and to determine criteria to select surgical stabilization for tracheobronchial malacia. Anastomotic stenosis was observed in four patients in our study. All anastomotic stenoses after tracheoplasty were observed in patients with post-intubation stenosis. The median number of removed tracheal cartilage was 3.6 and 3.4 in patients with post-intubation stenosis and tuberculous airway stenosis, respectively. Anastomotic stenosis occurred in patients with post-intubation stenosis, in whom four or five tracheal cartilages were removed. However, four patients with tuberculous airway stenosis, who were treated with resection of four tracheal cartilages and tracheoplasty, did not have anastomotic stenosis. Anastomotic stenosis is caused by excessive tension on the anastomotic site. In post-intubation stenosis, an excessive scar tissue surrounding the site of stenosis might provide excessive tension on the anastomotic site. In contrast to malignant airway stenosis, complete resection of the site of stenosis is not necessary in treatment of benign airway stenosis. A small degree of remaining stenosis would only slightly affect ventilatory function. The bronchial wall at the anastomotic site may be thickened and hard, but this seldom affects healing of the anastomosis if there is no active inflammation. 9) Resection of the affected area should be limited to avoid excessive tension at the anastomotic site during treatment for benign airway stenosis.
Conclusion
There are no clear criteria for selecting treatment for benign airway stenosis. This study shows the therapeutic efficacy and safety of surgical airway plasty for tuberculous airway stenosis. Surgical airway plasty may be an acceptable treatment for tuberculous airway stenosis. Even though we studied a small number of patients, patients with tracheobronchial malacia recovered well after surgical airway plasty. There may be untreated patients with tracheobronchial malacia who have the potential to benefit from surgical airway plasty. This study did not show an efficacy of surgical plasty for post-intubation stenosis. Accumulation of data and long-term follow-up after treatment are necessary to determine appropriate treatment for patients with post-intubation airway stenosis.
